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THE GAS PHASE STRUCTURE OF AZIDOTRIFLUOROMETHANE. AN ELECTRON
DIFFRACTION, MICROWAVE SPECTROSCOPY AND NORMAL COORDINATE ANALYSIS

*
Karl O. Christe,la Dines Christen,lb Heinz Oberhammer, ib
and Carl J. Schackla

ABSTRACT

~ The geometric structure of azidotrifluoromethane has been obtained

by a combined analysis of electron diffraction intensities and

ground state rotational constants derived from the microwave
spectrum.

The following parameters were obtained (rav-values in : and deg.

with 20 uncertainties in units of the last decimal): C-F = 1.328(2),
C-N = 1.425(5), Na-NB = 1.252(5), NB- Nw = 1.118(3), <)CNQNB = 112.4(2),
#Na B = 169.6(34) and $FCF = 108.7(2). The CF3 group is in the
staggered position with respect to the N3 group and tilted away from

it by 5.8(4)°.

INTRODUCTION

Structural data on covalent azides are rare due to the explosive
nature(2'3)

and handling difficulties encountered with these

compounds. One of the more stable covalent azides is CF3N3%<V
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compound originally prepared by Makarov and coworkers(4'5)

and
recently studied in more detail by two of us(6). Although the
closely related CH3N3 molecule has previously been studied by
(7) (8)
. the

available data were insufficient to determine whether the N3 group

both electron diffraction and microwave spectroscopy
is linear, and to obtain a reliable value for the tilt angle of the
methyl grcup. Furthermore, a comparisonof the structures of CH3N3
and CF3N3 was expected to contribute to our knowledge of how the
substitution of a CH3 group by a CF3 group influences the structure

of the rest of the molecule .
EXPERIMENTAL SECTION

Synthesis and Handling of CF3 3= The sample of CF3N3 was prepared
(6)
e

as previously describe . Prior to the electron diffraction
experiments, a small amount of Nz_ggrmed by decomposition of some
CF3N3 was pumped off at -196°C. The only other decomposition
products were nonvolatile and therefore did not interfere with

the measurements.

Electron Diffraction. The scattering intensities were recorded with

the Balzers gas diffractograph at two camera distances (25 and 50 cm)
on Kodak electron image plates (13 x 18 cm). The accelerating voltage
was about 60 kV. The sample was cooled to -80°C and the nozzle
temperature was 15°C. The camera pressure never exceeded 2.10-5
torr during the experiment. Exposure time was 6-9 sec for the long,
and 15-25 sec for the short camera distance. The electron wave-
length was calibrated with 2n0O diffraction patterns. Two plates

for each camera distance were analyzed by the usual procedures.
Background scattering recorded without gas was subtracted from the

25 cm data. Averaged molecular intensities for both camera distances
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o_
t (s = 1.4 - 17 and 8 - 35A l) are presented in Fig. 1 and numerical
- values for the total scattering intensities are available as

‘;f supplementary datal10),

Microwave Spectroscopy. The microwave spectrum was recorded at

temperatures between -70° and -40°C at pressures around 10 mtorr,
and at frequencies between 7 and 25 GHz (X- and K-Band) using a
standard 100 kHz Stark spectrometer.

Z; CF3N3 was initially flowed through the cell, but since the sample
) proved to be very stable, it was only changed at hours' intervals.

An initial broad band sweep in K-band, applying a 0-20 V ramp
voltage at the external sweep connector of the Marconi sweeper,
el immediately revealed the vy R-branch heads typical of a near pro-
late rotor, and thus restricted the ranges to be searched.

STRUCTURE ANALYSIS

ﬂq A preliminary analysis of the radial distribution function (Fig. 2)
_}‘ clearly demonstrates that the CF3 group is staggered with respect
r;t to the N3 chain. Model calculations for the eclipsed configuration
. result in very bad agreement with the experimental data in the
- range r > 2.58 (see Fig. 2). The radial distribution function for
the eclipsed configuration was calculated with the final geometric
Qg parameters derived for the staggered conformation. Increase of the
E CN N8 angle to about 130° improved the fit for the peak at 3. 3A but
'.ﬂ the disagreement for the peaks around 2.7 and 4. SA remained. There-
: fore, in the following analysis the CF3 group was constrained to

the staggered position. However, small torsional deviations (<10°)

from this position cannot definitely be excluded.
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In the least squares analysis a diagonal weight matrix was applied to

the intensities and scattering amplitudes, and the phases of J. Haase
were used. The spectroscopic corrections, Ar (Table 1), were incorpo-
rated in the refinement. For torsional vibrations, the concept of
perpendicular (rectilinear) amplitudes results in unrealistically

large contributions to these corrections for torsion independent
distances (C-F, F..F and N..F). Therefore, contributions from the CF3
torsion, which is a large amplitude vibration, were neglected for
torsion independent distances(lz). Assuming local C3V symmetry for the
CP3 group with a possible tilt angle between the C3 axis and the C-N
bond, eight geometric parameters (including the NaNBNw angle) are
required for the determination of the structure of CF3N3. These
parameters were refined simultaneously with six vibrational amplitudes
(see Table 1). The remaining vibrational amplitudes which either cause
high correlations or are badly determined in the electron diffraction
experiment, were constrained to the spectroscopic values, calculated
from the force field. This is justified, since the refined amplitudes
agree very well with the spectroscopic values. The result from the
electron diffraction analysis is included in Tables 1 and 2.

In the final stage of the analysis, structural parameters were fitted
to electron diffraction intensities as well as rgtational constant413z
Although the method for calculating ABi = Bi - B:
assumption of small amplitude vibrations, which certainly does not

is based on the

describe the torsional motion, this approximation has a minor effect
on the determination of the geometric parameters. In order to test
this effect, structural parameters were calculated using three diff-
erent corrections: (1) assuming all vibrations to have small amplitudes
(AA 0.39, AB = 1.98 and AC = -0.78 MHz), (2) disregarding torsion

(AA 4.42, AB = 1.16 and AC = 1.22 MHz) and (3) no corrections at all.
The relative weight between electron diffrac;ion and microwave data

was adjusted, until the rotational constants were fitted to within 20%
of the corrections in case (1) and (2) and to within 1 MHz in case (3).
These calculations demonstrate that the small differences in the
rotational constants do not affect the geometric parameters outside

the error limits given in Table 2.
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The results demonstrate the usefulness of the rotational con-

stants for the reduction of the uncertainties in the CNGN - and the

g

CF3 tilt angle, which are very sensitive to the asymmetry or, in

other words, to Bz-Cz.
NORMAL COORDINATE ANALYSIS

A force field, required for the joint analysis of microwave and
electron diffraction data, was derived from the 14 fundamental
frequencies determined in a previous study(G), the torsional
frequency, derived from relative intensity measurements of rota-
tional transitions of the excited torsional states, and the cen-

trifugal distortion constant D determined from the rotational

JK’
spectrum of the ground state.

Valence force constants were refined with the program NCA(14)
based on mass weighted cartesian coordinates. The modified
harmonic force field (Table 3) looks reasonable, but is, of

course, underdetermined.

The mean deviation between measured and calculated frequencies is
5v = 4 cm=t.

ROTATIONAL SPECTRUM

The assignment of the band heads in the K-band region to the

J: 4+5 (19.62 GHz) and J: 5+6 (23.54 GHz) transitions was straight-
forward since these band heads appeared very close to the frequencies

predicted by the preliminary electron diffraction model (B+C = 3.94

Ghz), but the high resolution recordings did not openly display the

characteristic pattern of a near prolate (K = -0.989) rotor (see
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Fig. 3). The deviations arise from excited vibrational states -
especially the low lying torsional states - as will be discussed
below. The frequencies of all measured transitions and the
ensuing rotational constants have been collected in Table 4. The
K-l = 1 lines stand out quite clearly, though, and recording at
different Stark fields permitted the identification of K_l =0
lines which appear only at high fields. Subsequently higher K_l-
lines were identified, but because many of them are subject to
heavy overlapping, some of them could only be measured using a
radio frequency/microwave double resonance technique (RFMWDR) as

described below.

The lowest J-lines show signs of gquadrupole hyperfine structure, but
no attempt was made to resolve and analyze these splittings. Stark

147315°
615 (calibrating the field against the OCS

measurements on different M-components of the transitions 4
4137314515761 209 54~ oS
shifts and using Muenter's value for its dipole moment ) yielded
a dipole moment in the a-direction of My T 1.15(10) D.

To understand the microwave spectrum in detail, especially the many
lines between the two K—l = 1 transitions, it is necessary to con-
sider the possible molecular vibrations. 1In an earlier study(s),
the vibrational spectra were investigated and 14 of the 15 funda-
mentals identified. The missing one, the torsion of the CF3 group,
was predicted to lie below 90 cm'l, but could not experimentally

be observed. 9

Fig. 4 shows the 515*
From the characteristic Stark patterns it is possible to identify

616 transition in a highly amplified recording.

all of the obvious lines with the same transition, only in different
vibrational states. The very intense progression to higher fre-

Bl liocndh,

gquency must be assigned to the torsion, and relative intensity
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measurements using the Wilson-Nesbitt method(l6)

1

yield an energy
above the ground state of 47(3) cm ~ for the first excited

torsional state and thus for the torsional frequency.

To test the reliability of this method, the energy of excited
states of other vibrations were determined anu compared to the
fundamental frequency determined from the IR and Raman spectra
Vip® 177 (179), Vgt 409 (402). Vig! 459 (450),

-1 .
Vig*Vis? 221 cm comprised of Vig® 174 and Vig: 47 cm .

(in parenthesis):

The reliability of the method obviously decreases with increasing
frequency (decreasing intensity) and the method fails for
transitions falling between the two K-l = ]1 lines because of
serious overlapping of lines and Stark components.

Examination of the 514*6 transitions to determine their rel-

ative intensities revealig that the Vg progression extends
toward lower frequencies, and thus the frequency difference
between the K-l = 1 lines decreases with increasing excitation
of Vig* This effect is not observed with the other excited

states (notably vlo).

lines directly determines B-C, and thus the observed trend indicates

an increase in symmetry in the v 5 progression.

1
In order to explain this trend, it must be noted that a struc-

tural model having the C., axis of the CF3 group colinear with

3
the C-N bond, only produces a B-C value of 1-2 MHz. To reproduce
the observed B-C value for the ground state (20.5 MHz) it is

necessary to assume a tilt angle of A5°.

The frequency difference between the K-l =1
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Consequently, one could propose that the effect of higher tor-
sional excitation is the removal of the tilt of the CF3 group.
In that case one would expect higher torsional states to have
B-C values between 1 and 2 MHz.

On the other hand, if one realizes that most of the molecular mass
is concentrated in the trifluoro methyl group, it is possible

to visualize the light "frame" rotating about the heavy "top" and
higher excitation would lead to an effective symmetric top molecule
with the excited energy levels lying well above the barrier to the
torsional motion. 1In that case, however, as the energy levels
approach the top of the barrier, tunnelling through the threefold
barrier would cause the rotational lines to split into nondegen-

erate A and doubly degenerate E components.

Unfortunately, this splitting is expected to take place at the
frequency where the center of the rotational transitions of the
excited torsional states have "turned back®" (see Fig. 3) into the
upper K—l = 1 lines of the lower torsional states, and thus it is
impossible to clearly distinguish the weaker lines of the higher

excited states.

It was hoped that double resonance experiments (RFMWDR) could cir-
cumvent this problem(17) RFMWDR techniques were used to identify

and measure the J: 5-+6, K-l = 2 transitions of the molecule in its
ground as well as first excited torsional state, using a pump
frequency of 3.1 MHz, which happens to be the asymmetry splitting

of the J=5 levels for the ground state and the splitting of the J=6
levels of the first excited torsional state. Using a pump frequency
of 6.15 MHz (the ground state splitting of the J=6 levels) only the

ground state transitions are observed.
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It was also possible to observe the K__l = 1 lines in RFMWDR (J:

for the ground (vP = 307.0 MHz), the lst excited torsional
(\)P = 218.4 MHz), the 2nd (vp = 128.7 MHz) and barely the 3rd
excited torsional state (vp = 36.1 MHz).

The weakness of the 3rd excited torsional state transitions ex-

tinguished the hope of finding the v = 4 lines using the DR-

15
technique, which would otherwise have overcome the problem of

overlapping.

Fortunately, however, the J: 1+2 transitions around 7.9 GHz
(Fig. 5), modulated at a Stark field of 800 V/cm only show the

K-l = 0 transitions, and thus provide a somewhat clearer picture.

It looks like the v = 3 transition is somewhat broadened com-

pared to the v

15

15 = 0, 1 and 2 transitions, and the v15 = 4 tran-
sition is possibly split into two_components, indicating a

torsional level approaching the top of the barrier.

The assumption of a purely sinusoidal potential allows a deter-

mination of the barrier heights from the torsional force constant,

known from the normal coordinate analysis

2
f.c. = i3 = 33 (Xg (1 - cos 3a)) at ¢ = 0 = —=
a 2

(o]
or: 0.03 mdyn A2 = 4,35 kcal/mol = 5 i V3 = 0.97 kcal/mol.

Thus, the Vig
close to the top of the barrier, especially since the addition
oﬁ a few per cent V6 potential would somewhat lower the value of

V,. It seems, although the evidence is sparse, that the decrease

3

in B-C on excitation of v is due to the hindered internal

15
rotation ef the trifluoro methyl group.

= 4 state with an energy of .675 kcal is in fact quite
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-t‘ DISCUSSION
}

The most significant features of the CF3N3 structure are the

B R

bond lengths, the nonlinearity of the N3 group, and the torsion
and tilt angle of the CF3 group with respect to the N3 group.
These features are discussed in the following paragraphs.

Bond Lengths. The above results clearly demonstrate that in CF3N3
the NB-Nm bond is significantly shorter than the NB-Nq bond.
This can be attributed to the electron withdrawing effect of the

CF3 group. A-comparison of the MN3 series (M = alkali metal,
(CH3)35i, H, C1, CF3) shows that if M is of very low electro-
negativity, as for example in the alkali metals, we have an

ionic M+N-3 structure (I) with two degenerate N-N bonds of 1.16%
each. With increasing electronegativity of M, the M-N bond
becomes more covalent and the contribution from the resonance
structure (III) increases, due to the electron withdrawing effect
of M. This causes an increase in the bond length difference

between NB-Nw and N -N0 (see Table 5).

B

©@0, ® 0 . ® \© Q O
M \N=N=N,_-——1|Q=N=N/ ‘-——Hlv-Nz-Nl
M M

(1) (II) (III)

A comparison of the C-N bond lengths in CH3N3 and CF3N3 also
shows the expected effect(g). Replacement of the CH3 by the
CF3 group results in bond shortening if the groups are bonded to
electronegative atoms or groups. Hence the C-N bond in CF,N

3,3
. o . » o
(1.425A) is significantly shorter than that in CH N3 (1.468A).

3

...........
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Torsional Angle of the CX., Group. In general methyl or tri-
fluoro methyl groups pref;r the staggered position with respect
to single bonds, but prefer an eclipsed position with respect to
double bonds. Representative examples in the case of CsC double
bonds are: cx3cu=caz(22) and trans cx3cx{=cucx3(23'24 ). only
strong steric repulsions can force CF3 groups to abandon the
eclipsed position, such as in cis CF3CH=CHCF3(24). Only one
example is known for N=N double bonds: trans CX3N-NCX3(24'25'26),
where the CX3 groups again eclipse the N=N double bond and stagger
the N lone pair. 1In CF3N3 the CF3 group occupies a staggered
position with respect to the N3 group as shown by (IV), and this

indicates

¥ N N
' ' ‘\
N N N
F ! F H ! H H HA
Na a7 N
N~< € (g
o 4
T .
F H H
L <k
(IV) (V) (VI)
a significant contribution from resonance structure (III). For

this structure configuration (IV) minimizes the repulsion between
the fluorine free valence electrons and the two sterically active
free electron pairs on the Na atom (indicated by broken lines in
(IV). 1In contrast to CF3N3, the CH3 group in CH3N3 appears to be
in an intermediate position between eclipsed and staggered(7b),
(25t7° from the eclipsed position) which may be explained in the
following manner: resonance structure (II1) should result in a

.staggered (V) and resonance structure (III) in an eclipsed (VI)

configuration. Since, as discussed above, the bond lengths
indicate that structure (I1) contributes more strongly to the

structure of CH3N3 than to that of CF3N3. the observation of an

.......

Ty SN




R S SR

-12-
intermediate torsional angle is not surprising.

Linearitv of the N, Group and CF3 Tilt Angle. In CF_N, the N

373 3
group, and the CF

3
group is slightly (10°) bent away from the CF

3
group is tilted away from the N3 group by 5.8°. This is readily

3

explained by the repulsion between the fluorine free valence
electron pairs and the 1 bond electron system of the N3 group. A

comparison of these values with those in CH3N3 would be most

interesting, but unfortunately no experimental values are presently

available for CH3N3. It is interesting to note that the angles

of the N3 group found for HN C1N3, NCN3, and CF3N3 are all very

3'
similar. However, it should be kept in mind that most of these

values carry rather large uncertainties.

Torsional Effects on the Structure. The present data for the

excited torsional states do not allow a determination of the
structural changes upon excitation of vlsf—rit is clear from
model calculations, however, that several parameters must change
their value in order to reproduce the rotational constants of the
excited states. Thus heavy relaxation, not only in the trifluoro
methyl group, but also in the tilt and the CNuN

to take place.

8 angle, is assumed
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Table 1. Interatomic distances, vibrational amplitudes

\3 from spectroscopic and electron diffraction
o data (error limits are 30 values) and vibra-
S o)

tional corrections 4 (in A).
) atom T, vibrational amplitudes A=r -r,
e pair J spectr. e.d.
o
.~;‘-‘_ a
N Ng - N, 1.12 0.034 0.034 0.0060
i N, - Ng 1.25 0.042 0.042 (4)° 0.0004
=3 c-F 1.33 0.045 0.045 (4)° 0.0013
R c- N 1.43 0.053 0.053 (4)° ~0.0001
i F..F 2.16 0.054 0.056 (3)€ 0.0009
S
-l Ny--F, 2.18 0.061 0.063 (3)C 0.0004
ALY
S Ny--Fg 2.30 0.063 0.0001
- C..Ng 2.23 0.067 0.067% ~0.0006
L L
e Ny--N, 2.36 0.046 0.046% 0.0028
e
oy Ng--Fg 2.71 0.169 0.174 (26) -0.0072
< C..N, 3.27 0.085 0.095 (40) -0.0003
e Ng--Fy 3.31 0.092 0.092° 0.0021
2
v Ny--Fg 3.56 0.229 0.250 (33) -0.0096
o N,--F, 4.42 0.141 0.096 (57) 0.0130
’.I. 1

2Not refined, b'cRatio constrained to spectroscopic ratio.
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'! Table 2. Geometric parameters (2 and degrees) for CF3N3

from electron diffraction and combined electron

diffraction - microwave analysis.

e.d.a e.d. + m.w.b
[0}

ra raV
C-F 1.329 (3) 1.328 (2)
C-N,_ 1.427 (5) 1.425 (5)
N ~Ng 1.250 (7) 1.252 (5)
Ng-N,_ 1.117 (4) 1.118 (3)
CN, N, 111.8 (1.1) 112.4 (0.2)

[ o]

N NgN, 175.3 (4.3) 169.6 (3.4)
FCF 108.4 (0.4) 108.7 (0.2)
ti1td 4.4 (1.2) 5.8 (0.4)

3Results from electron diffraction analysis; error limits
are 20 values and include a possible scale error of 0.1%
for bond lengths.

bResults from combined electron diffraction - microwave

analysis; error limits are 2¢ values.

“Bend away from CF3 group.

dTilt of CF3 group away from N3 group.

DVEERUNLAE P §- T LPLr LT S

1M & e
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bend in mdyng/rad2

Table 3. Force Field? for CF3N3

CF 6.69 CF/CF 1.06
CN 4.84 CF/CN 0.46
NaNB 7.75 CF/FCF (adj) 0.51
NBNw 16.88 CF/FCF (opp) -0.33
FCF 1.82 CN/FCF -1.00
NCF 1.20 CN/NCF (adj) 0.42
CNN 1.49 CN/NNN ~0.54
NNN 0.67 FCF/FCF 0.23
tors 0.03 FCF/NNN _-0.18
NNN/tors -0.07

o)
3stretch in mdyn/A, stretch/bend in mdyn/rad,
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Figure Captions

Experimental (.....) and calculated (
intensities and differences.

) molecular

Experimental radial distribution function, theoretical
functions for staggered and eclipsed conformations and

difference curve between experimental and thecretical
staggered conformation.

The J: 4+5 rotational transitions. Stark field: 200 Vv/cm.
Arrows indicate frequencies at which K_
at higher Stark fields.

1 = 0 lines appear

Vp = Vig: Vo = 4 indicates the center of the A components
of the torsionally split Vp = 4 state. The K-l = 1 lines
have not definitively been assigned.

The J: 515-»616 transitions showing several vibrationally

excited states at a Stark field of 800 V/em. v, = v

T 15°

The J: 101-»202 transitions at a Stark field of 800 V/cm.
Marker spacing is 0.8 MHz. The assignment of Vp = 4 is
speculative, although other J candidates for the A com-

ponents have been located.
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Supplementary Data

Total electron diffraction intensities for two camera distances

(50 and 25 cm) for two sets of plates (2 pages).




TCTAL INTENSITIES FOR CF3n3 s0 M CAMERA PISTANCE pLATE N2

1.4 0:227¢ seb L2356 2% 0:2011 13,4 Cele€l
106 002158 ’ob 002585 906 0119?2 1316 o’l?‘;
1.8 0el944 ' 8 Cel798 9.8 01957 13,8 0el673
2.0 CelB1} €.0 D:291¢ 10,0 0:,19}6 14,0 Coleta
242 02715 6,2 042919 10,2 0.1872 14,2 Celdco
2.4 0s1678 - A 042827 10,4 0.,18}12 14,4 Celd2)
246 0el683 €.6 042663 10,6 0¢1775 14,6 0ell20
2.3 Cel75¢ 6,8 D,267) 10,8 Del740 14,8 Celdel
3.0 Cel84¢ 740 062294 11,0 0el742 15,0 Celd23
3,2 0.1928 Ted 0.2128 11,2 D,1756 15,2 0s1020
o4 041968 Tek 041595 1le6  0,1774 1526 (e15c8
3,6 Ne2018 Teb Ce1902 11,6 001794 15,6 Oelet2
3.8 0.2012 Te8 041841 11.8  0,1777 1348 Qelee?
440 Co1974 B0 0ny180¢ 12,0 0.1754 1690  04l440
4,2 Cal927 8,2 Ov1E0% 12,2 0el1702 16,2 Cela24
404 0,1972 Be4 00,1829 12,4 p,1646 1644 04340
46 041877 8,6 0,1883 12¢6  0,159) 1606  p,33e8
4.8 c.1827 E,8 Cel933 12,8 0,s1533 16,8 Csl382
5.0 0:197¢C 90 0,1976 13,0 041499 1740 CeldEW
5.2 Ce213¢ %02 02002 1342 001411

TCTAL INTEPSITIES FpR CF3N3 25 ¢M CAMERA PISTANCE PLATE N e

8.0 CelB24 14,8 001976 2146 0:1792 2844 CelT85
8,2 C.1B5¢ 12,0 G,1978 21,8 0y1785 28,6 Cel7ec
€e4 (1832 1792 0,197 22:0_ 01774 2848 0,1 7e%
8.6 £e1924 1244 0e1%966 22,2 0ed769 2940 Cel753
8.8 Cel988 15,6 Del1954 22,6 Dsl766 29,2 Cel75%
9.0 £.204¢C 15,8 0,1936 £2,6 C,1767 29,4 0,1757
9.2 Q.208} 16,0 041914 22,8 0.,1770 2906 0,1759
9,4 £021C5 16,2 0¢1892 23,0 0el775 29,8 CelBCy
9,6 Ce21C6 16,4 0e31871 23,2 0el1784 30+0 CelT760
2.8 Ce205¢ 1¢.6 GCel258 23,4 01789 302 Cel750
10+ Ci2002 16,6 Ce1852 23,6 0.1793 30.4 0.178§
10.2 02054 17,0 0s1855 23,8 0eld799 306 01782
1044 2022 1742 Cs1859 24,0 0s1800 30,8 001779
10,6 C.2003 17,4 Cel863 24,2 C:1805 31,0 CelT770

10.8 0219635 1746 0+1868 24,4 0:1807 3142 Cel7¢>
1190 Cs200} 17,8 0e]lB6S 24,6 0:1805 3.4 Ool?e?
11,2 0,202¢C 1840 0r1859 24,8 01804 31,6 Qel758
11,4 2044 18,2 0e}853 25,40 Os1798 3148 Cel750
e 11¢6  0,2066 1844 0,1845 252 0,1793 3240 041727
- 11,8 Ces2C7E 18,6 0s1841 23,4 0s1789 3242 Cel755
e 12¢0 02066 1846  0,1839 25.6 00,1784 3244 0,754
12,2 0e204} 19,0 0.1837 25,8 Cel782 32,6 Cvl78¢

o _ 12,4 0.2063 19,2 0,1834 2540 0.1781 32,8 q,17%4
Yy 12,6 01967 15,4 0¢1832 26,2 C.1782 33,0 Cel75¢
B0, 12,8 €.192} 19.6 041833 26,4 p,1782 3342 Cel746
fﬁ 13,0 ¢.1898 19.8 0s)833 26,6 Del784 33,4 CelT44

! 13,2 ¢,18M7 200  0,183] 26,8 00,1784 3346 041742
o 13.4  ¢,187C 2C¢2 00,1829 27,0 041785 3308 041740
> 12:6  6.187C  2c,4  0,18%6 272 041786 34,0 Cel726
. 13,8 ¢,1833 2C6 00,1824 27,4 0,1734 3492 0,172
~ 16,42 0.1904 2C.8 0:¢1821 27,6 01783 36,4 Cel722
- 1492 C4192¢ 23,0 0,1813 27,8  0,1782 34,8 Cel720
' 1444 Cel948 ele2 0.1808 28,0 0.1781% 36,8 01723
;f 14,6 €11964 2l 0¢1803 28,2 0.s1783 35,0 Cel720
)
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TCTAL INTENSITIES FOR CF3N3 0 (M CAMERA DISTAMCE PLATE NN :

1.4 0e363¢C Sek 054317 94 03770 13,44 €e2850
le6 Co3546 Jeb 0¢4682 9.6 0:3750 13,6 Ce2%C>
1.8 O.336C J.8 DeeS587 9,8 03699 13,8 002917
2.0 Qe32n4 6.0 0¢3183 10.0 0¢363} 14,0 302?59
242 0:3124 €e2 043229 10,2 03544 14,42 02987
2¢4 C.3122 €l 0¢508) 1044 043465 1446 Ce3C24¢
246 Cea178 .6 DetB16 10,6 0.3389 14,6 €030¢7
2.0 Ce33n¢ XY Deé509 10,8 043348 14,8 Ce30¢3
3-0 Cs3476 7,0 044213 11.0 08,3342 15,0 003056
3,2 Q3602 762 013946 11,2 Ce2304 15,2 00304?
3.4 C.36R¢ 796 003746 11,4 0,3604 15,4 Ce3023
3.6 £.3743 1,6 0.3583 11,6 C.3426 15,6 Cr295}
3.8 Ced768 7.8 043480 11,8 0e34]12 15,8 Ce2959
4.0 03708 €40 0,3428 12,0 03374 16,0 CelY]l
bed £.3527 8,4 063482 12,4 Ce3199 16,4 023849
e 0e3528 8,6 03562 12,6 03100 16,6 012829
4.8 0.3552 8,8 04,3646 12.8 0|3021 16,8 002913
30 06372 5.0 0e3718 13,0 0.2970 1T 0 Ce2827
342 £e3962 Ge2 043759 13,2 00?9;3

CraL INTEI'SITIES FCR CF3N3 =5 (M CAMERA DISTAICE PLATE Nl 10

8.0 Cel®74 14,6 0e2078 21,6 041500 28,4 el
8,2 C.20C3 150 0,2082 21,8 Cei893 28,6 Glz?C!
8.4 0+203} 1742 Ge2076 22,0 0,1886 28,8 Col9c4 .
8,6 7 .205¢C 1344 0:2072 22,2 0.,1873 29,0 Cel9CY
8.3 £e2132 1546 Ce2057 22,4 0,1872 2%:2 ¢.19)2
29,0 (¢.2178 15,8 042042 22,6 0,1876 29:4 41913
902 (,2214 16,0  0,202] 22.8 0,880 29,6 0,194
94 (,2234 1642 00,1958 23,0 0.le84 2948 g,1910
9.6 (,2225 16,6 0el®78 23.2 0,1892 3040 1932
9.8 Ce2222 1¢,6 041964 23,4 Lel90} 30,2 Cel¥l>
1C.0 Ce2r€ 16,8 041961 23,6 0.1906 30¢4  €e1911
10,2 (,2178 17,0 ¢.1953 23,8  0,19]1 3046 0419cS
10¢4 Ce2147 172 De1559 24,0 Del93¢ 30,8 Cel857

10.6 0.2122 17.6 041963 24,2 0e19)S 31,0 Oel884
10.8 0.2105 17406 Cy1970 2444 00,1919 3142 041882
1.0 (¢.21)12 17,8 041970 24,6 00,1919 3l¢4 Celbee
11.2 ¢,2121 180 0,196} 4.8 0,1919 3106  0e1878
1.4 00,2158 18,2 0el955 25,0 041914 31,8 CelB4u
1146 0.218¢ 12.4 Cel9a? 25,2 C.1907 32,0 0e1879
11.8 ¢,21°%¢ 18,6  G.1946 25.4  0,19006 3242 04187
12,0 ¢,2178 1848  0,1942 2546  0.1900 3244 041873
12,2 Co2156 15,0 041938 25,8 0s1899 32,6 0¢1872
12,4 Q,212¢ 1542 01938 26,0 0,1896 32,8 041872
"12,6 £,207¢ 19,4 0,1938 26,2 0,189¢ 33,0 Cell0
12,8  0.2034 15,6 0:194) 26,4 ¢,1898 3342  celBeé
13.0  0.200¢ 15,8 0e¢1940 26,6  0,1899 3344 g,)0¢4

}ﬁ: 13,2 €s1978 200 041939 26,8 0.1897 33,6 Celle>
e 13,4  2,19¢¢ 2Ce2  0,1936 2700 0,190} 33,8  ¢,18e;
®. 13.6 0,197 2Cs4 00,1932 2742 041902 3440 041860
. 13,3 0,19%4 2Ce6 00,1928 746  0,}902 3492 celury
- 140  0.2004 20«8  0,1926 27.6 0,189%8 3446  @418¢C
= 14,2  ¢,2023 210 0,192) 7.8 0,189 3496 0,4ty
. 166  (,204¢ 21:2 041917 28,0 (,189¢6 3498  ¢,1864¢
. 14,6 ¢,20¢3 2li4 041907 28,2 0,897 35,0 Celbee

...........
...............................
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